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(57) ABSTRACT

A microelectronic module for cleaning a surface 1s
described. The microelectronic module comprises at least
one voltage converter for converting a provided first voltage
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voltage converter. At least the voltage converter and the

(Continued)




US 10,821,486 B2
Page 2

actuator are disposed on a thin-film, planar substrate. At
least most of at least one object adhering to the surface is

removed by the actuator.
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MICROELECTRONIC MODULE FOR
CLEANING A SURFACE, MODULE ARRAY,
AND METHOD FOR CLEANING A SURFACE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to DE 10 2015 014 256.9
filed Nov. 5, 2015, the entire disclosure of which 1s incor-

porated by reference herein.

TECHNICAL FIELD

Different embodiments generally relate to a microelec-
tronic module for cleaning a surface, and to a module array
and to a method for cleaning a surface.

BACKGROUND

The development of modern vehicles, for example, mod-
ern aircrait, 1s continuously focused on lowering the costs
for ongoing operation. Kerosene consumption, for example,
1s a major cost factor 1n this regard. In order to reduce the
kerosene consumption 1n an aircrait, for example, attempts
are being made, inter alia, to improve the aerodynamws of
the aircratt. Thls 1s occurring, for example, in the region of
the wings by means of so-called winglets, or by means of a
particular structuring of parts of leading edges of wings in
order to reduce the flow resistance of the aircrait. Improve-
ments of this type are frequently based on a passive eflect
which, 1n the case of so-called riblets, for example, are based
on reducing the frictional resistance on surfaces having
turbulent air flow over them. Areas of the wings, 1n which,
for example, contaminants result in an increase 1n frictional
resistance, are frequently carefully cleaned, for example, in
order to reduce the {Irictional resistance resulting from
undesirable turbulence of the air flowing around. It 1s
particularly advantageous to remove contaminants from
wings having a partial laminar flow, 1n particular, especially
since every contaminant generates turbulent flow and, there-
fore, increased resistance downstream thereof. These mea-
sures have the disadvantage, however, that they are time-
consuming and expensive.

Proceeding therefrom, the problem addressed by the
invention 1s that of providing a device which avoids the
alorementioned disadvantages.

This problem 1s solved by a device having the features of
claiam 1. Exemplary embodiments are described in the
dependent claims. It 1s pointed out that the features of the
exemplary embodiments of the devices also apply {for
embodiments of the method and the use of the device, and
vICe versa.

SUMMARY

A microelectronic module for cleaning a surface 1s
described. The microelectronic module comprises at least
one voltage converter for converting a provided first voltage
into a higher, lower, or 1dentical second voltage. The module
also comprises at least one actuator. The actuator comprises
at least one generator for generating an 10nic current, an
clectrical plasma, harmonic components and/or an electro-
static field from the second voltage which 1s provided by the
voltage converter. At least the voltage converter and the
actuator are disposed on a thin-film, planar substrate. At
least most of at least one object adhering to the surface is
removed by means of the actuator.
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2

The invention 1s based on the concept of removing an
object adhering to a surface by means of an 10nic current, an
clectrical plasma, a harmonic wave and/or an electrostatic
field and, therefore, of improving the flow around or over a
surface, 1.¢., for example, of reducing a flow resistance. By
integrating the components necessary therefore in a very
small scale on a planar substrate, the module can be mounted
on a vehicle so as to conform to the surface, for example. As
a result, for example, the kerosene consumption of an
aircraft which comprises, for example, a plurality of these
modules on a leading edge of a wing, for example, can be
reduced.

The term “surface” can be considered to be any type of
surface, to which objects, for example, can adhere, and the
adhesion of which 1s supposed to be reduced or even
prevented by means of the device described herein.

The term “voltage converter” can be considered to be any
clectrical element which 1s capable of converting an 1mput
voltage mto a higher, lower, or 1dentical output voltage. For
the case 1n which the mput voltage corresponds to the output
voltage, the electrical element can also consist of one
clectrical connecting element, for example.

The term “adhere™ can be considered to be any type of an
at least temporary type of connection which exists between
an object and a surface. In this case, the connection is at least
partially or entirely detachable at least with the aid of the
device described herein, 1.e., the connection between the
object and the surface 1s disconnectable.

According to one preferred embodiment, the voltage
converter comprises a piezoelectric transformer. This has the
advantage that piezoelectric transformers can be produced 1n
a very small scale.

According to one preferred embodiment, the thin-film,
planar substrate 1s a flexible and/or multidimensionally
deformable film or lattice. For example, the lattice can have
a flexible and/or multidimensionally deformable lattice
structure. Alternatively, the thin-film, planar substrate can
also consist of a comparable material which 1s suitable for
enabling the components of the module to be mounted on,
in, or at said substrate, and which 1s as thin as possible and
1s suiliciently stable. For example, the substrate can also
have a fabric or a lattice structure or a composite material.
This has the advantage that the geometric dimensions of the
module can be kept small, wherein a suflicient stability 1s
given, 1n order to permanently or reversibly attach or mount
the module, for example, on a surface, for example, adhe-
sively. According to one preferred embodiment, the pro-
vided first voltage for the voltage converter 1s provided, at
least partially, via an external voltage source. For example,
the first voltage 1s provided by a voltage source outside of
the module. For example, the voltage source can be an
energy-generating element which, like the module, 1s
mounted on a surface. Alternatively, the energy-generating
clement can also be, for example, a drive device of a vehicle,
on the surface of which the module 1s mounted. This has the
advantage that the geometric dimensions of the module can
be kept very small.

According to one preferred embodiment, the substrate
also comprises an energy-generating element for generating
at least a portion of the first voltage to be provided. For
example, one or multiple energy-generating elements of the
same type or different types, which provide the first voltage
for the module, can be disposed on the substrate. In addition
to the at least one energy-generating element on the sub-
strate, the module can also comprise a connection for
providing at least a portion of the first voltage by means of
an external voltage source. This has the advantage that the
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module 1s at least partially or entirely self-suflicient with
respect to an external voltage source. This has the further
advantage that the module can be flexibly mounted at or on
any type ol surface.

According to one preferred embodiment, the energy-
generating element comprises a solar cell arrangement or an
energy-harvesting element. An “energy-harvesting element”
can be considered to be any element which 1s capable of
collecting small amounts of electrical energy from sources
such as ambient temperature, vibrations, or air tlows. Struc-
tures which can be utilized therefor can also be referred to
as nanogenerators.

Alternatively, the energy-generating element can also
have any other type of suitable device for generating elec-
trical energy. This has the advantage that the module 1s
preferably independent of an external voltage source and can
be operated self-suiliciently. This has the further advantage
that the module can be flexibly mounted at or on any type of
surface.

When the module 1s mounted on a surface of an aircratt,
a solar cell arrangement 1s suitable for generating electrical
energy, since an aircrait, 1in the thght phase, preferably flies
above the cloud layer and 1s therefore not subjected to being
shaded from the sun due to clouds.

According to one preferred embodiment, the module
comprises a plurality of actuators. Due to the arrangement of
multiple actuators on one module, one voltage transformer
can be provided for multiple actuators, for example. This has
the advantage that the available surface can be utilized more
cllectively.

According to one preferred embodiment, the module
comprises at least one switching element for activating
and/or deactivating the module and/or at least one of the
plurality of actuators. Alternatively, a switching element can
also be designed for two or more modules. Therefore, two or
more modules can be activated and/or deactivated via the
switching element. This has the advantage that the module
can be specifically activated or deactivated and, therefore,
individually controlled.

The term “switching element” can be considered to be any
type of device which 1s suitable for changing a connection
from a disconnected state to a connected state. This can also
be considered to be a connection which 1s open on one side
and which can be permanently or reversibly closed, for
example, by connecting the module to, for example, an
clectronic umt for control purposes.

According to one preferred embodiment of the module
comprising a plurality of actuators, the module can comprise
one or multiple switching elements which are designed for
activating and/or deactivating one or multiple actuators of
the plurality of actuators. This has the advantage that the
module can be individually controlled and the geometric
dimensions can be kept small, depending on the application.

According to one preferred embodiment, the module
comprises at least one detection unit. The detection unit 1s
designed for detecting at least the presence ol an object
adhering to the module. A detection unit can be considered
to be, for example, a sensor which 1s designed for detecting
an object adhering to the module, for example, a contami-
nant. For example, the sensor or the detection unit can be
based on optics, mductance, capacitance, or the like. This
has the advantage that the module can be purposely acti-
vated in the event of the presence of an object on the module,
for example, a contaminant, and can be deactivated again,
for example, after the contaminant 1s removed.

According to one preferred embodiment, the actuator 1s
turther designed for detecting at least the presence of an
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object adhering to the module. Instead of a dedicated sensor,
the actuator can be alternatively or additionally provided for
detecting the presence of an adhering object, for example, a
contaminant. This has the advantage that a contaminant, for
example, can be detected and the module can be purposely
activated 1n the event of the presence of an object on the
module and can be deactivated again, for example, after the
contaminant 1s removed.

According to one preferred embodiment, the module
comprises at least one sensor. The sensor i1s designed for
gathering information regarding the module, mnformation
regarding the adhering object and/or information regarding
the environment of the module. The sensor can comprise, for
example, multiple sub-sensors which are suitable for gath-
ering information regarding the module, information regard-
ing the adhering object and/or information regarding the
environment of the module. This has the advantage that the
module can specifically influence the actuator or actuators
for cleaning the surface on the basis of the information
regarding the module, information regarding the adhering
object and/or information regarding the environment of the
module.

According to one further embodiment, the sensor 1s a
pressure sensor, a temperature sensor and/or a humidity
SENSor.

According to one preferred embodiment, the module
comprises an acceleration sensor and/or a position sensor.
With the aid of the acceleration sensor, the module can be
activated, for example, when a predetermined minimum
acceleration 1s detected. When a negative acceleration 1s
present, the module can be, for example, deactivated or vice
versa. With the aid of the position sensor, the position of the
module can be determined, for example, wherein the module
can be activated or deactivated in certain orientations. The
acceleration sensor and/or the position sensor can be
designed using MEMS technology, for example.

According to one preferred embodiment, the module
comprises at least one receiver. The receiver 1s designed for
receiving a signal, wherein the switching element can be
switched depending on the signal. For example, a signal can
be transferred to the module from a central control umnit
which comprises at least one transmitter. The signal can be
used, for example, for activating or deactivating the module.
Alternatively, the signal can also have a more complex
structure, for example 1n order to partially activate and/or
deactivate a plurality of actuators on a module or a plurality
of modules. Alternatively, the voltage and/or amplitude of
one or multiple actuators can also be controlled with the aid
of a signal. This has the advantage that the module can be
individually controlled.

According to one preferred embodiment, the module
comprises a transmitter. The transmitter 1s designed for
transmitting a signal to a receiver, wherein the signal
includes at least information regarding the parameters
detected by the module.

The signal includes, for example, information regarding
pressure, temperature and/or humidity which act on the
surface of the module. On the basis of the transmitted
parameters, the control element can determine, for example,
whether and how the second voltage to the actuator or the
actuators can be adjusted. This has the advantage that the
module can be individually controlled.

According to a further embodiment, the module com-
prises at least one receiver and at least one transmitter. The
receiver and the transmitter preferably have the same prop-
erties as the previously described receiver and transmitter.
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According to yet another embodiment, the module com-
prises one control element. The control element 1s designed
tor controlling the actuator or the actuators depending on the
ascertained imformation and/or the presence of at least one
adhering object. The control element recerves the informa-
tion, which has been gathered by a sensor on the module, for
example, and controls the actuator or the plurality of actua-
tors 1n such a way that the removal of an object adhering to
the module, for example, a contaminant, 1s adjusted or
changed. This has the advantage that the module can be
individually controlled.

According to yet another embodiment, the voltage con-
verter, the switching element, the actuator, the detection
unit, the sensor, the receiver, the transmitter and/or the
control element are designed as a MEMS (microelectrome-
chanical system) structure. By designing preferably a major-
ity of the components of the module as a MEMS structure,
the geometric dimensions of the module can be kept very
small.

A module array comprising a plurality of previously
described microelectronic modules 1s also provided. This
has the advantage that, by arranging a plurality of the
modules 1n an array, the cleaning eflect can be amplified
and/or utilized 1n a specific manner.

According to one embodiment, multiple microelectronic
modules can also be disposed on a shared, thin-film, planar
substrate. This has the further advantage that the modules
can be tlexibly mounted at or on any type of surface.

According to one embodiment, the plurality of the mod-
ules 1s geometrically arranged 1n such a way that they have
a predominant direction. This has the advantage that the
modules for removing adhering objects can be arranged 1n a
defined manner 1n a predefined area, for example, on the
leading edge of an aircraft wing.

In this case, the actuators of the plurality of the modules
are preferably arranged in such a way that said modules
generate a wave front and/or an excitation of a soliton wave
having a defined direction of propagation. A soliton wave or
a soliton-type wave 1s considered to be a wave packet which
preferably maintains 1ts shape while 1t propagates.

According to one embodiment, the actuators of the plu-
rality of the modules can be controlled 1n a delayed and/or
out-of-phase manner. In this case, the intensity 1s preferably
maximizable by utilizing interference phenomena. This has
the advantage that the actuators of the module can be
cllectively used for cleaning a surface.

In addition, an arrangement of at least one previously
described microelectronic module or at least one previously
described module array 1s provided on and/or 1n a surface of
an aircraft, a watercraft, or a land vehicle.

In addition, a method for cleaning a surface by using at
least one previously described microelectronic module or at
least one module array 1s provided. In the method, a pro-
vided first voltage 1s converted into a higher, lower, or
identical second voltage. In addition, 1n the method, an 10ni1c
current, an electrical plasma, harmonic waves and/or an
clectrostatic field 1s generated depending on the second
voltage. In the method, 1n addition, at least one object
adhering on a surface of the module or of the module array
1s removed by means of the generated 1onic current, elec-

trical plasma, the harmonic waves and/or the electrostatic
field.

In the method, preferably at least most of one object
adhering to a surface of the module or of the module array
1s removed by means of the actuator.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, reference numbers that are generally the
same refer to the same parts 1n all the diflerent views. The
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drawings are not necessarily to scale; instead, value 1is
placed, 1n general, on the explanation of the principles of the

invention. In the following description, different embodi-
ments of the invention are described with reference to the
following drawings, in which:

FIG. 1 shows a first embodiment of a microelectronic
module;

FIG. 2 shows a module array comprising a plurality of
microelectronic modules;

FIG. 3 shows the arrangement of a plurality of micro-
electronic modules on the surface of an aircraft; and

FIG. 4 shows a flow chart of a method for cleaning a
surface.

DETAILED DESCRIPTION

The following detailed description refers to the attached
drawings which, for the purpose of explanation, show spe-
cific details and embodiments in which the invention can be
put 1nto practice.

The expression “exemplary” 1s used 1n this case to mean
“serving as an example, a case, or an illustration”. Every
embodiment or configuration described herein as “exem-
plary” should not necessarily be interpreted to be preferred
or advantageous over other embodiments or configurations.

In the following extensive description, reference 1s made
to the attached drawings which form a part of this descrip-
tion and 1n which, for purposes of illustration, specific
embodiments 1n which the invention can be applied are
shown. In this regard, directional terminology 1s used, such
as, for example, “top”, “bottom”, “front”, “back’, “leading”,
“tralling”, etc., with reference to the orientation of the
described figure or figures. Since components ol embodi-
ments can be positioned 1 a number of different orienta-
tions, the directional terminology 1s used for purposes of
illustration and 1s 1n no way limiting. It 1s clear that other
embodiments can be used and structural or logical changes
can be made without deviating from the scope of protection
of the present invention. It 1s clear that the features of the
different exemplary embodiments described herein can be
combined with one another, unless specifically indicated
otherwise elsewhere. The Iollowing extensive description
should therefore not be imterpreted to be limiting, and the
scope of protection of the present invention 1s defined by the
attached claims.

Within the scope of this description, the terms “con-
nected” and “coupled” are used for describing both a direct
as well as an idirect connection and a direct or an indirect
coupling. In the figures, 1dentical or similar elements are
provided with identical reference numbers, to the extent this
1S appropriate.

In the method described here, the steps can be carried out
in almost any arbitrary order without deviating from the
principles of the invention 1f a temporal or functional
sequence 1s not expressly mentioned. IT 1t 1s explained 1n a
patent claim that one step 1s carried out first and then
multiple other steps are carried out one aiter the other, this
1s considered to mean that the first step 1s carried out belore
all the other steps, but the other steps can be carried out 1n
any arbitrary, suitable order 1 a sequence has not been
described within the other steps. Parts of claims, in which,
for example, “step A, step B, step C, step D and step E” are
carried out are considered to mean that step A 1s carried out
first, step E 1s carried out last, and the steps B, C and D can
be carried out 1n any arbitrary order between steps A and E,
and the sequence falls within the formulated scope of
protection of the claimed method. In addition, mentioned
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steps can be carried out simultaneously if an express word-
ing 1n the claim does not state that they must be carried out
separately. For example, one step can be carried out for
carrying out X in the claim and one step for carrying out Y
in the claim 1s carried out simultaneously within a single
process, and the resultant process falls within the formulated
scope of protection of the claimed method.

FIG. 1 shows a first embodiment of a microelectronic
module 100 for cleaning a surface. The module 100 com-
prises a voltage converter 101 for converting a provided first
voltage V1 1nto a higher, lower, or 1dentical second voltage
V2. The module 100 also comprises an actuator 102. The
actuator 102 comprises at least one generator 103 {for
generating an ionic current, an electrical plasma, harmonic
components and/or an electrostatic field from the second
voltage v2 which 1s provided by the voltage converter 101.
The voltage converter 101 and the actuator 102 of the
module 100 are disposed on a thin-film, planar substrate
104. The voltage converter 101 and the actuator 102 of the
module 100 are electrically coupled to one another. At least
most of at least one object adhering to the surface 1s removed
by means of the actuator 102. The module 100 can comprise
a switching element (not illustrated) for the purpose of
specifically activating and/or deactivating the actuator 103.
In the embodiment shown, the module 100 receives the first
voltage V1 from an external voltage source (not shown) to
which the voltage converter 101 1s connected. Alternatively,
the voltage converter 101 can also be connected, for
example, to a solar cell arrangement (not 1llustrated) which
can be disposed on the substrate 104.

FIG. 2 shows one embodiment of a module array 200
comprising a plurality of microelectronic modules 201. Fach
of the microelectronic modules 201 comprises a voltage
converter 202, a switching element 203, and an actuator 204
on a thin-film, planar substrate 205. Although each of the
depicted modules 201 comprises a separate switching ele-
ment 204, according to an alternative embodiment (not
illustrated), a switching element 204 can also be provided
for two or more modules 201. The multiple modules 201 can
be connected to each other, for example, or they can exist
independently of each other.

FIG. 3 shows one embodiment of an arrangement 300 of
a plurality of microelectronic modules 301 on the surface of
an aircraft 302. In the embodiment shown, multiple micro-
clectronic modules 301 are arranged on the wings 303, 304
of the aircraft 302 1n the region of the leading edge of the
wing, 1n order to remove or at least reduce contaminants on
the leading edge of the wing. The microelectronic modules
301 are connected to each other (not 1llustrated), in order to
achieve an improvement of the cleaning eflect.

FIG. 4 shows a flow chart 400 of one embodiment of a
method for cleaning a surface by using at least one micro-
clectronic module or at least one module array. In step 401,
a first voltage 1s provided, which 1s converted 1nto a second
voltage which 1s higher than, lower than, or equal to the first
voltage. In step 402, an 1onic current, an electrical plasma,
harmonic components and/or an electrostatic field are/is
generated with the aid of the second voltage. In step 403, at
least one object adhering to a surface of the module or the
module array 1s removed by means of the generated 10nic
current, the electrical plasma, the harmonic waves and/or the
clectrostatic field.

Although the mmvention has been shown and described
primarily with reference to certain embodiments, persons
who are familiar with the technical field should understand
that numerous modifications with respect to the embodiment
and details can be made thereto without deviating from the
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nature and scope of the invention as defined by the attached
claims. The scope of the invention 1s therefore determined
by the attached claims, and 1t 1s therefore mtended that all
changes that fall within the literal scope or the doctrine of
equivalents of the claims be included.

LIST OF REFERENCE NUMBERS

100, 201, 301 Module
101, 202 Voltage converter
102, 204 Actuator

103 Generator

104, 205 Substrate
200 Module array

203 Switching element
300 Arrangement

302 Aircraft

303, 304 Wing

400 Flow chart
401-403 Method steps
V1 First voltage

V2 Second voltage

The mmvention claimed 1s:
1. A microelectronic module configured for cleaning a
surface, comprising:
at least one voltage converter for converting a provided
first voltage into a higher, lower, or 1dentical second
voltage;
at least one acceleration sensor; and
circuitry 1in communication with a central control unit, the
central control unit being 1n communication with the at
least one acceleration sensor; and
at least one actuator, comprising at least one generator for
generating an 1onic current, an electrical plasma, har-
monic components or an electrostatic field from the
second voltage which i1s provided by the voltage con-
verter,
wherein at least the voltage converter and the actuator are
disposed on a thin-film, planar substrate;
wherein the microelectronic module comprises at least
one detection unit comprising optical, inductance, or
capacitance sensors, the detection unit configured to
use at least the sensors to detect at least a presence of
an object adhering to the surface;
wherein the actuator 1s configured to remove at least most
of the at least one object adhering to the surface that
was detected by the detection unit using the 1onic
current, the electrical plasma, the harmonic compo-
nents or the electrostatic field generated by the at least
one generator of the at least one actuator;
wherein the circuitry 1s configured to activate the micro-
clectronic module after receiving a first signal to acti-
vate the module from the central control unit, the signal
being based on a determination ifrom the central control
unit that a predetermined minimum acceleration 1s
detected by the at least one acceleration sensor; and
wherein the circuitry 1s further configured such that:
if a negative acceleration 1s detected, then the micro-
clectronic module 1s deactivated circuitry based on a
corresponding signal from the central control unit;
and
i a s1ignal indicating a positive acceleration 1s received,
then the microelectronic module 1s activated.
2. The microelectronic module as claimed in claim 1,
wherein the voltage converter comprises a piezoelectric
transiormer.
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3. The microelectronic module as claimed 1n claim 1,

wherein the provided first voltage for the voltage con-
verter 15 provided, at least partially, via an external
voltage source; or

wherein the microelectronic module further comprises an
energy-generating element for generating at least a
portion of the provided first voltage; or

wherein the energy-generating element comprises a solar
cell arrangement or an energy-harvesting element.

4. The microelectronic module as claimed in claim 1,

wherein the microelectronic module comprises a plurality
of actuators; or,

wherein the microelectronic module comprises at least
one switching element for activating or deactivating the

microelectronic module or at least one of the plurality
ol actuators.

5. The microelectronic module as claimed in claim 1,

wherein the microelectronic module comprises at least
one sensor which 1s designed for gathering information
regarding the microelectronic module, information
regarding the adhering object or information regarding
the environment of the microelectronic module,
wherein the sensor 1s a pressure sensor, a temperature
sensor or a humidity sensor.

6. The microelectronic module as claimed 1n claim 1,

wherein the circuitry comprises at least one receiver and
a switch or controller;

wherein the microelectronic module comprises at least
one transmitter which 1s configured for transmitting a
second signal to a receiver, wherein the second signal
includes at least information regarding parameters
detected by the sensors of the detection unit.

7. The microelectronic module as claimed 1n claim 1,

wherein the microelectronic module comprises a control
clement which 1s designed for controlling the actuator
depending on ascertained information or presence of at
least one adhering object.

8. The microelectronic module as claimed 1n claim 1,

wherein the microelectronic module further comprises a
sensor, a receiver, a transmitter, and a control element
configured for controlling the actuator depending on
ascertained information or a presence ol at least one
adhering object; and

wherein the voltage converter, the switching element, the
actuator, the detection unit, the sensor, the receiver, the
transmitter or the control element i1s designed as a
MEMS structure.

9. A module array comprising a plurality of microelec-

tronic modules as claimed 1n claim 1.
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10. The module array as claimed 1n claim 9,

wherein the plurality of microelectronic modules 1s geo-
metrically arranged such that they have a predominant
direction; and

wherein the actuators of the plurality of microelectronic

modules are arranged such that the at least one gen-
crator can generate a wave front or an excitation of a
soliton wave having a defined direction of propagation.

11. The module array as claimed 1n claim 9,

wherein the module array comprises one or more control

clements configured to control one or more of the one
or more actuator depending on ascertained information
or a presence of at least one adhering object adhering
to one or more microelectronic module of the plurality
of microelectronic modules; and

wherein the actuators of the plurality of microelectronic

modules can be controlled by the one or more control
clements 1n a delayed or out-of-phase manner.

12. An arrangement at least of one microelectronic mod-
ule or at least one module array as claimed 1n claim 1 on or
in a surface of a vehicle, wherein the vehicle 1s an aircraft,
a watercraft, or a land vehicle.

13. A method for cleaning a surface by using at least one
microelectronic module or at least one module array as
claimed 1n claim 1,

converting a provided first voltage into a higher, lower, or

identical second voltage;

generating an 1onic current, an electrical plasma, har-

monic components or an electrostatic field depending
on the second voltage;

removing at least most of one object adhering on a surface

of the at least one microelectronic module or of the at
least one module array using the generated 1onic cur-
rent, electrical plasma, the harmonic waves or the
clectrostatic field.

14. The microelectronic module as claimed 1n claim 5,

wherein the microelectronic module comprises a control

clement which 1s designed for controlling the actuator
depending on ascertained information or presence of at
least one adhering object.

15. The microelectronic module as claimed 1n claim 6,

wherein the microelectronic module comprises a control

clement which 1s designed for controlling the actuator
depending on ascertained information or presence of at
least one adhering object.

16. The microelectronic module of claim 1, wherein the
thin-film, planar substrate 1s a flexible and multidimension-
ally deformable lattice or a flexible and multidimensionally
deformable film.
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